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(57)  Embodiments contemplate that the transfer of
an Internet Protocol (IP) address from one (e.g. a first)
Gateway (GW) to another (e.g. a second) Gateway (GW)
may improve the Dynamic Mobility Management (DMM)
handling in any network environment, including a dense
network environment. Embodiments contemplate a
dense network may enable a User Equipment (UE or
wireless transmit/receive unit (WTRU)) to be connected
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to the closest GW while the IP address transfer may en-
able usage of a relatively short data path (e.g. perhaps
a"shortest" data path), which may be useful in the context
of DMM, perhaps even for existing flows. Using the con-
templated capability of moving IP addresses may mini-
mize the number of IP addresses allocated and/or the
number of tunnels to be maintained.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application No. 61/732,161, titled "Dis-
tributed Mobility Management Technology In A Network
Environment", filed November 30, 2012, the entire con-
tents of which being hereby incorporated by reference
as if fully set-forth herein, for all purposes.

BACKGROUND

[0002] Embodiments recognize that Distributed Mobil-
ity Management (DMM) may support Internet Protocol
(IP) mobility, network access, and routing which may al-
low for setting up IP networks so that traffic may be dis-
tributed in a way that may not rely on centrally stationed
anchors to manage respective IP mobility sessions. Dis-
tributed mobility management techniques may support
the maintenance of mobile hosts as devices and/or net-
works may change their point of attachment to the Inter-
net.

SUMMARY

[0003] The Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used to limit the scope of the claimed subject matter.
[0004] Embodiments contemplate that the transfer of
an Internet Protocol (IP) address from one (e.g., a first)
Gateway (GW) to another (e.g. a second) Gateway (GW)
may improve the Dynamic Mobility Management (DMM)
handling in any network environment, including a dense
network environment. For example, a dense network
may enable a User Equipment (UE or wireless trans-
mit/receive unit (WTRU)) to be connected to the closest
GW while the IP address transfer may enable the usage
of a relatively short data path (e.g. perhaps a "shortest"
data path), which may be useful in the context of DMM,
perhaps even for existing flows. Additionally, using the
contemplated capability of moving IP addresses may
minimize the number of IP addresses allocated and/or
the number of tunnels to be maintained.

[0005] Embodiments contemplate a first node of a
wireless communication network. The first node may
comprise a processor. The processor may be configured
to receive a handover from a wireless transmit/receive
unit (WTRU). The processor may also be configured to
determine that the WTRU was in connected communi-
cation with a second node of the wireless communication
network prior to the handover. The processor may be
configured to determine an Internet Protocol (IP) address
that was allocated to the WTRU for the connected com-
munication with the second node. The processor may be
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configured to request a transfer of the IP address from
the second node. The processor may be configured to
receive the IP address from the second node. The proc-
essor may be configured to establish connected commu-
nication with the WTRU using the IP address.

[0006] Embodiments contemplate a wireless trans-
mit/receive unit (WTRU) that may be in communication
with a wireless communication network. The WTRU may
comprise a processor. The processor may be configured
to connect to a first node of the wireless communication
network. The processor may be configured to obtain a
first Internet Protocol (IP) address from the first node.
The processor may be configured to communicate via
the first IP address as the WTRU may be connected to
the first node. The processor may be configured to initiate
a handover to a second node of the wireless communi-
cation network. The processor may be configured to con-
nect to the second node. The processor may be config-
ured to obtain a second IP address fromthe second node.
The processor may be configured to communicate via
the first IP address as the WTRU may be connected to
the second node, perhaps upon an occurrence of a con-
dition. The condition may include one or more character-
istics of the first node and one or more characteristics of
the second node.

[0007] Embodiments contemplate one or more tech-
niques that may comprise receiving a handover at a first
node of a wireless communication network from a wire-
less transmit/receive unit (WTRU). Techniques may
comprise determining, by the first node, that the WTRU
was in connected communication with a second node of
the wireless communication network prior to the hando-
ver. Techniques may comprise determining, by the first
node, an Internet Protocol (IP) address allocated to the
WTRU for the connected communication with the second
node. Techniques may comprise requesting, by the first
node, a transfer of the IP address from the second node.
Techniques may comprise receiving, at the first node,
the IP address from the second node. Techniques may
comprise establishing, by the first node, connected com-
munication with the WTRU using the IP address.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] A more detailed understanding may be ob-
tained from the following description, given by way of
example in conjunction with the accompanying drawings
wherein:

FIG. 1A is a system diagram of an example commu-
nications system in which one or more disclosed em-
bodiments may be implemented;

FIG. 1B is a system diagram of an example wireless
transmit/receive unit (WTRU) that may be used with-
in the communications system illustrated in FIG. 1A;
FIG. 1C is a system diagram of an example radio
access network and an example core network that
may be used within the communications system il-



3 EP 3 654 621 A1 4

lustrated in FIG. 1A;

FIG 1Dis asystem diagram of another example radio
access network and an example core network that
may be used within the communications system il-
lustrated in FIG. 1A;

FIG. 1E is a system diagram of another example
radio access network and an example core network
that may be used within the communications system
illustrated in FIG. 1A;

FIGS. 2A and 2B, which combine to form FIG. 2,
illustrate an example DMM-Based Mobile Network
System Design global view consistent with embod-
iments;

FIGS. 3A and 3B, which combine to form FIG. 3,
illustrate an example DMM-Based Mobile Network
(Network-Based (GTP and PMIPv6 variants)) model
consistent with embodiments;

FIG. 4 illustrates an example local Gateway (L-GW)
Evolved to DMM in a Dense Network model consist-
ent with embodiments;

FIG. 5 illustrates an example distributed Gateway
(D-GW) in a Dense Network model consistent with
embodiments;

FIG. 6 illustrates an example node selection from
which Internet Protocol (IP) addresses may be ob-
tained in a connection bundling environment, con-
sistent with embodiments; and

FIG. 7 illustrates an example Internet Protocol (IP)
address transfer technique, consistent with embod-
iments.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0009] A detailed description of illustrative embodi-
ments will now be described with reference to the various
Figures. Although this description provides detailed ex-
amples of possible implementations, it should be noted
that the details are intended to be examples and in no
way limit the scope of the application. As used herein,
the articles "a" and "an", absent further qualification or
characterization, may be understood to mean "one or
more" or "at least one", for example.

[0010] FIG. 1A is a diagram of an example communi-
cations system 100 in which one or more disclosed em-
bodiments may be implemented. The communications
system 100 may be a multiple access system that pro-
vides content, such as voice, data, video, messaging,
broadcast, etc., to multiple wireless users. The commu-
nications system 100 may enable multiple wireless users
to access such content through the sharing of system
resources, including wireless bandwidth. For example,
the communications systems 100 may employ one or
more channel access methods, such as code division
multiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA), or-
thogonal FDMA (OFDMA), single-carrier FDMA (SC-FD-
MA), and the like.
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[0011] As shown in FIG. 1A, the communications sys-
tem 100 may include wireless transmit/receive units
(WTRUSs) 102a, 102b, 102c, and/or 102d (which gener-
ally or collectively may be referred to as WTRU 102), a
radio access network (RAN) 103/104/105, a core network
106/107/109, a public switched telephone network
(PSTN) 108, the Internet 110, and other networks 112,
though it will be appreciated that the disclosed embodi-
ments contemplate any number of WTRUSs, base sta-
tions, networks, and/or network elements. Each of the
WTRUSs 102a, 102b, 102¢, 102d may be any type of de-
vice configured to operate and/or communicate in a wire-
less environment. By way of example, the WTRUs 102a,
102b, 102c, 102d may be configured to transmit and/or
receive wireless signals and may include user equipment
(UE), a mobile station, a fixed or mobile subscriber unit,
a pager, a cellular telephone, a personal digital assistant
(PDA), a smartphone, a laptop, a netbook, a personal
computer, a wireless sensor, consumer electronics, and
the like.

[0012] The communications systems 100 may also in-
clude a base station 114a and a base station 114b. Each
ofthe base stations 114a, 114b may be any type of device
configured to wirelessly interface with at least one of the
WTRUs 102a, 102b, 102c, 102d to facilitate access to
one or more communication networks, such as the core
network 106/107/109, the Internet 110, and/or the net-
works 112. By way of example, the base stations 114a,
114b may be a base transceiver station (BTS), a Node-
B, an eNode B, a Home Node B, a Home eNode B, a site
controller, an access point (AP), a wireless router, and
the like. While the base stations 114a, 114b are each
depicted as a single element, it will be appreciated that
the base stations 114a, 114b may include any number
of interconnected base stations and/or network ele-
ments.

[0013] The base station 114a may be part of the RAN
103/104/105, which may also include other base stations
and/or network elements (not shown), such as a base
station controller (BSC), a radio network controller
(RNC), relay nodes, etc. The base station 114a and/or
the base station 114b may be configured to transmit
and/or receive wireless signals within a particular geo-
graphic region, which may be referred to as a cell (not
shown). The cell may further be divided into cell sectors.
For example, the cell associated with the base station
114a may be divided into three sectors. Thus, in one
embodiment, the base station 114a may include three
transceivers, i.e., one for each sector of the cell. In an-
other embodiment, the base station 114a may employ
multiple-input multiple output (MIMO) technology and,
therefore, may utilize multiple transceivers for each sec-
tor of the cell.

[0014] The base stations 114a, 114b may communi-
cate with one or more of the WTRUs 102a, 102b, 102c,
102d over an air interface 115/116/117, which may be
any suitable wireless communication link (e.g., radio fre-
quency (RF), microwave, infrared (IR), ultraviolet (UV),
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visible light, etc.). The air interface 115/116/117 may be
established using any suitable radio access technology
(RAT).

[0015] More specifically, as noted above, the commu-
nications system 100 may be a multiple access system
and may employ one or more channel access schemes,
such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA, and
the like. For example, the base station 114a in the RAN
103/104/105 and the WTRUs 102a, 102b, 102c may im-
plement aradio technology such as Universal Mobile Tel-
ecommunications System (UMTS) Terrestrial Radio Ac-
cess (UTRA), which may establish the air interface
115/116/117 using wideband CDMA (WCDMA). WCD-
MA may include communication protocols such as High-
Speed Packet Access (HSPA) and/or Evolved HSPA
(HSPA+). HSPA may include High-Speed Downlink
Packet Access (HSDPA) and/or High-Speed Uplink
Packet Access (HSUPA).

[0016] In another embodiment, the base station 114a
andthe WTRUs 102a, 102b, 102c may implementa radio
technology such as Evolved UMTS Terrestrial Radio Ac-
cess (E-UTRA), which may establish the air interface
115/116/117 using Long Term Evolution (LTE) and/or
LTE-Advanced (LTE-A).

[0017] In other embodiments, the base station 114a
and the WTRUs 102a, 102b, 102c may implement radio
technologies such as IEEE 802.16 (i.e., Worldwide Inter-
operability for Microwave Access (WiMAX)),
CDMA2000, CDMA2000 1X, CDMA2000 EV-DO, Inter-
im Standard 2000 (1S-2000), Interim Standard 95 (1S-95),
Interim Standard 856 (1S-856), Global System for Mobile
communications (GSM), Enhanced Data rates for GSM
Evolution (EDGE), GSM EDGE (GERAN), and the like.
[0018] The base station 114binFIG. 1A may be a wire-
less router, Home Node B, Home eNode B, or access
point, for example, and may utilize any suitable RAT for
facilitating wireless connectivity in a localized area, such
as a place of business, a home, a vehicle, a campus, and
the like. In one embodiment, the base station 114b and
the WTRUs 102¢, 102d may implement a radio technol-
ogy such as IEEE 802.11 to establish a wireless local
area network (WLAN). In another embodiment, the base
station 114b and the WTRUs 102c, 102d may implement
a radio technology such as IEEE 802.15 to establish a
wireless personal area network (WPAN). In yet another
embodiment, the base station 114b and the WTRUs
102c¢, 102d may utilize a cellular-based RAT (e.g., WCD-
MA, CDMA2000, GSM, LTE, LTE-A, etc.) to establish a
picocell or femtocell. As shown in FIG. 1A, the base sta-
tion 114b may have a direct connection to the Internet
110. Thus, the base station 114b may not be required to

access the Internet 110 via the core network
106/107/109.
[0019] The RAN 103/104/105 may be in communica-

tion with the core network 106/107/109, which may be
any type of network configured to provide voice, data,
applications, and/or voice over internet protocol (VolP)
services to one or more of the WTRUs 102a, 102b, 102c,
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102d. For example, the core network 106/107/109 may
provide call control, billing services, mobile location-
based services, pre-paid calling, Internet connectivity,
video distribution, etc., and/or perform high-level security
functions, such as user authentication. Although not
shown in FIG. 1A, it will be appreciated that the RAN
103/104/105 and/or the core network 106/107/109 may
be in direct or indirect communication with other RANs
that employ the same RAT as the RAN 103/104/105 or
a different RAT. For example, in addition to being con-
nected to the RAN 103/104/105, which may be utilizing
an E-UTRA radio technology, the core network
106/107/109 may also be in communication with another
RAN (not shown) employing a GSM radio technology.
[0020] The core network 106/107/109 may also serve
as a gateway for the WTRUs 102a, 102b, 102c, 102d to
access the PSTN 108, the Internet 110, and/or other net-
works 112. The PSTN 108 may include circuit-switched
telephone networks that provide plain old telephone serv-
ice (POTS). The Internet 110 may include a global system
of interconnected computer networks and devices that
use common communication protocols, such as the
transmission control protocol (TCP), user datagram pro-
tocol (UDP) and the internet protocol (IP) in the TCP/IP
internet protocol suite. The networks 112 may include
wired or wireless communications networks owned
and/or operated by other service providers. For example,
the networks 112 may include another core network con-
nected to one or more RANs, which may employ the
same RAT as the RAN 103/104/105 or a different RAT.
[0021] One or more or all of the WTRUs 102a, 102b,
102c, 102d in the communications system 100 may in-
clude multi-mode capabilities, i.e., the WTRUs 1023,
102b, 102¢, 102d may include multiple transceivers for
communicating with different wireless networks over dif-
ferent wireless links. For example, the WTRU 102c
shown in FIG. 1A may be configured to communicate
with the base station 114a, which may employ a cellular-
based radio technology, and with the base station 114b,
which may employ an IEEE 802 radio technology.
[0022] FIG. 1B is a system diagram of an example
WTRU 102. As shown in FIG. 1B, the WTRU 102 may
include a processor 118, atransceiver 120, a transmit/re-
ceive element 122, a speaker/microphone 124, a keypad
126, a display/touchpad 128, non-removable memory
130, removable memory 132, a power source 134, a glo-
bal positioning system (GPS) chipset 136, and other pe-
ripherals 138. It will be appreciated that the WTRU 102
may include any subcombination of the foregoing ele-
ments while remaining consistent with an embodiment.
Also, embodiments contemplate that the base stations
114aand 114b, and/or the nodes that base stations 114a
and 114b may represent, such as but not limited to trans-
ceiver station (BTS), a Node-B, a site controller, an ac-
cess point (AP), a home node-B, an evolved home node-
B (eNodeB), a home evolved node-B (HeNB), a home
evolved node-B gateway, and proxy nodes, among oth-
ers, may include one or more or all of the elements de-
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picted in FIG. 1B and described herein.

[0023] The processor 118 may be a general purpose
processor, a special purpose processor, a conventional
processor, a digital signal processor (DSP), a plurality of
microprocessors, one or more miCroprocessors in asso-
ciation with a DSP core, a controller, a microcontroller,
Application Specific Integrated Circuits (ASICs), Field
Programmable Gate Array (FPGAs) circuits, any other
type of integrated circuit (IC), a state machine, and the
like. The processor 118 may perform signal coding, data
processing, power control, input/output processing,
and/or any other functionality that enables the WTRU
102 to operate in a wireless environment. The processor
118 may be coupled to the transceiver 120, which may
be coupled to the transmit/receive element 122. While
FIG. 1B depicts the processor 118 and the transceiver
120 as separate components, it will be appreciated that
the processor 118 and the transceiver 120 may be inte-
grated together in an electronic package or chip.

[0024] The transmit/receive element 122 may be con-
figured to transmit signals to, or receive signals from, a
base station (e.g., the base station 114a) over the air
interface 115/116/117. For example, in one embodiment,
the transmit/receive element 122 may be an antenna
configured to transmit and/or receive RF signals. In an-
other embodiment, the transmit/receive element 122
may be an emitter/detector configured to transmit and/or
receive IR, UV, or visible light signals, for example. In yet
another embodiment, the transmit/receive element 122
may be configured to transmit and receive both RF and
light signals. It will be appreciated that the transmit/re-
ceive element 122 may be configured to transmit and/or
receive any combination of wireless signals.

[0025] In addition, although the transmit/receive ele-
ment 122 is depicted in FIG. 1B as a single element, the
WTRU 102 may include any number of transmit/receive
elements 122. More specifically, the WTRU 102 may em-
ploy MIMO technology. Thus, in one embodiment, the
WTRU 102 may include two or more transmit/receive el-
ements 122 (e.g., multiple antennas) for transmitting and
receiving wireless signals over the air interface
115/116/117.

[0026] The transceiver 120 may be configured to mod-
ulate the signals that are to be transmitted by the trans-
mit/receive element 122 and to demodulate the signals
that are received by the transmit/receive element 122.
As noted above, the WTRU 102 may have multi-mode
capabilities. Thus, the transceiver 120 may include mul-
tiple transceivers for enabling the WTRU 102 to commu-
nicate via multiple RATs, such as UTRA and IEEE
802.11, for example.

[0027] The processor 118 of the WTRU 102 may be
coupled to, and may receive user input data from, the
speaker/microphone 124, the keypad 126, and/or the dis-
play/touchpad 128 (e.g., a liquid crystal display (LCD)
display unit or organic light-emitting diode (OLED) dis-
play unit). The processor 118 may also output user data
to the speaker/microphone 124, the keypad 126, and/or
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the display/touchpad 128. In addition, the processor 118
may access information from, and store data in, any type
of suitable memory, such as the non-removable memory
130 and/or the removable memory 132. The non-remov-
able memory 130 may include random-access memory
(RAM), read-only memory (ROM), a hard disk, or any
other type of memory storage device. The removable
memory 132 may include a subscriber identity module
(SIM) card, a memory stick, a secure digital (SD) memory
card, and the like. In other embodiments, the processor
118 may access information from, and store data in,
memory that is not physically located on the WTRU 102,
such as on a server or a home computer (not shown).
[0028] The processor 118 may receive power from the
power source 134, and may be configured to distribute
and/or control the power to the other components in the
WTRU 102. The power source 134 may be any suitable
device for powering the WTRU 102. For example, the
power source 134 may include one or more dry cell bat-
teries (e.g., nickel-cadmium (NiCd), nickel-zinc (NiZn),
nickel metal hydride (NiMH), lithium-ion (Li-ion), etc.), so-
lar cells, fuel cells, and the like.

[0029] The processor 118 may also be coupled to the
GPS chipset 136, which may be configured to provide
location information (e.g., longitude and latitude) regard-
ing the current location of the WTRU 102. In addition to,
or in lieu of, the information from the GPS chipset 136,
the WTRU 102 may receive location information over the
air interface 115/116/117 from a base station (e.g., base
stations 114a, 114b) and/or determine its location based
on the timing of the signals being received from two or
more nearby base stations. It will be appreciated that the
WTRU 102 may acquire location information by way of
any suitable location-determination method while re-
maining consistent with an embodiment.

[0030] The processor 118 may further be coupled to
other peripherals 138, which may include one or more
software and/or hardware modules that provide addition-
al features, functionality and/or wired or wireless connec-
tivity. For example, the peripherals 138 may include an
accelerometer, an e-compass, a satellite transceiver, a
digital camera (for photographs or video), a universal se-
rial bus (USB) port, a vibration device, a television trans-
ceiver, a hands free headset, a Bluetooth® module, a
frequency modulated (FM) radio unit, a digital music play-
er, a media player, a video game player module, an In-
ternet browser, and the like.

[0031] FIG. 1C is a system diagram of the RAN 103
and the core network 106 according to an embodiment.
As noted above, the RAN 103 may employ a UTRA radio
technology to communicate with the WTRUs 102a, 102b,
102c over the air interface 115. The RAN 103 may also
be in communication with the core network 106. As
shown in FIG. 1C, the RAN 103 may include Node-Bs
140a, 140b, 140c, which may each include one or more
transceivers for communicating with the WTRUs 102a,
102b, 102c overthe airinterface 115. The Node-Bs 140a,
140b, 140c may each be associated with a particular cell
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(not shown) within the RAN 103. The RAN 103 may also
include RNCs 142a, 142b. It will be appreciated that the
RAN 103 may include any number of Node-Bs and RNCs
while remaining consistent with an embodiment.

[0032] AsshowninFIG. 1C, the Node-Bs 140a, 140b
may be in communication with the RNC 142a. Addition-
ally, the Node-B 140c may be in communication with the
RNC142b. The Node-Bs 140a, 140b, 140c may commu-
nicate with the respective RNCs 142a, 142b via an lub
interface. The RNCs 142a, 142b may be in communica-
tion with one another via an lur interface. Each of the
RNCs 142a, 142b may be configured to control the re-
spective Node-Bs 140a, 140b, 140c to which it is con-
nected. In addition, each of the RNCs 142a, 142b may
be configured to carry out or support other functionality,
such as outer loop power control, load control, admission
control, packet scheduling, handover control, macrodi-
versity, security functions, data encryption, and the like.
[0033] The core network 106 shown in FIG. 1C may
include a media gateway (MGW) 144, a mobile switching
center (MSC) 146, a serving GPRS supportnode (SGSN)
148, and/or a gateway GPRS support node (GGSN) 150.
While each of the foregoing elements are depicted as
part of the core network 1086, it will be appreciated that
any one of these elements may be owned and/or oper-
ated by an entity other than the core network operator.
[0034] The RNC 142a in the RAN 103 may be con-
nected to the MSC 146 in the core network 106 via an
luCS interface. The MSC 146 may be connected to the
MGW 144. The MSC 146 and the MGW 144 may provide
the WTRUs 102a, 102b, 102c with access to circuit-
switched networks, such as the PSTN 108, to facilitate
communications between the WTRUs 102a, 102b, 102c
and traditional land-line communications devices.
[0035] The RNC 142a in the RAN 103 may also be
connected to the SGSN 148 in the core network 106 via
an luPS interface. The SGSN 148 may be connected to
the GGSN 150. The SGSN 148 and the GGSN 150 may
provide the WTRUs 102a, 102b, 102c with access to
packet-switched networks, such as the Internet 110, to
facilitate communications between and the WTRUs
102a, 102b, 102c and IP-enabled devices.

[0036] As noted above, the core network 106 may also
be connected to the networks 112, which may include
other wired or wireless networks that are owned and/or
operated by other service providers.

[0037] FIG. 1D is a system diagram of the RAN 104
and the core network 107 according to an embodiment.
As noted above, the RAN 104 may employ an E-UTRA
radio technology to communicate with the WTRUs 102a,
102b, 102c over the air interface 116. The RAN 104 may
also be in communication with the core network 107.
[0038] The RAN 104 may include eNode-Bs 160a,
160b, 160c, though it will be appreciated that the RAN
104 may include any number of eNode-Bs while remain-
ing consistent with an embodiment. The eNode-Bs 160a,
160b, 160c may each include one or more transceivers
for communicating with the WTRUs 102a, 102b, 102c
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overtheairinterface 116. Inone embodiment, the eNode-
Bs 160a, 160b, 160c may implement MIMO technology.
Thus, the eNode-B 160a, for example, may use multiple
antennas to transmit wireless signals to, and receive
wireless signals from, the WTRU 102a.

[0039] Each of the eNode-Bs 160a, 160b, 160c may
be associated with a particular cell (not shown) and may
be configured to handle radio resource management de-
cisions, handover decisions, scheduling of users in the
uplink and/or downlink, and the like. As shown in FIG.
1D, the eNode-Bs 160a, 160b, 160c may communicate
with one another over an X2 interface.

[0040] The core network 107 shown in FIG. 1D may
include a mobility management gateway (MME) 162, a
serving gateway 164, and a packet data network (PDN)
gateway 166. While each of the foregoing elements are
depicted as part of the core network 107, it will be appre-
ciated that any one of these elements may be owned
and/or operated by an entity other than the core network
operator.

[0041] The MME 162 may be connected to each of the
eNode-Bs 160a, 160b, 160c in the RAN 104 via an S1
interface and may serve as a control node. For example,
the MME 162 may be responsible for authenticating us-
ers of the WTRUs 102a, 102b, 102c, bearer activa-
tion/deactivation, selecting a particular serving gateway
during an initial attach of the WTRUs 102a, 102b, 102c,
and the like. The MME 162 may also provide a control
plane function for switching between the RAN 104 and
other RANs (not shown) that employ other radio technol-
ogies, such as GSM or WCDMA.

[0042] The serving gateway 164 may be connected to
each of the eNode-Bs 160a, 160b, 160c in the RAN 104
via the S1 interface. The serving gateway 164 may gen-
erally route and forward user data packets to/from the
WTRUSs 102a, 102b, 102c. The serving gateway 164 may
also perform other functions, such as anchoring user
planes during inter-eNode B handovers, triggering pag-
ing when downlink data is available for the WTRUs 102a,
102b, 102c, managing and storing contexts of the
WTRUSs 102a, 102b, 102¢, and the like.

[0043] The serving gateway 164 may also be connect-
ed to the PDN gateway 166, which may provide the
WTRUs 102a, 102b, 102c with access to packet-
switched networks, such as the Internet 110, to facilitate
communications between the WTRUs 102a, 102b, 102¢c
and IP-enabled devices.

[0044] The core network 107 may facilitate communi-
cations with other networks. For example, the core net-
work 107 may provide the WTRUs 102a, 102b, 102c with
access to circuit-switched networks, such as the PSTN
108, to facilitate communications between the WTRUs
102a, 102b, 102c and traditional land-line communica-
tions devices. For example, the core network 107 may
include, or may communicate with, an IP gateway (e.g.,
an IP multimedia subsystem (IMS) server) that serves
as an interface between the core network 107 and the
PSTN 108. In addition, the core network 107 may provide
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the WTRUs 102a, 102b, 102c with access to the networks
112, which may include other wired or wireless networks
that are owned and/or operated by other service provid-
ers.

[0045] FIG. 1E is a system diagram of the RAN 105
and the core network 109 according to an embodiment.
The RAN 105 may be an access service network (ASN)
that employs IEEE 802.16 radio technology to commu-
nicate with the WTRUs 102a, 102b, 102c over the air
interface 117. As will be further discussed below, the
communication links between the different functional en-
tities of the WTRUs 102a, 102b, 102c, the RAN 105, and
the core network 109 may be defined as reference points.
[0046] AsshowninFIG. 1E, the RAN 105 may include
base stations 180a, 180b, 180c, and an ASN gateway
182, though it will be appreciated that the RAN 105 may
include any number of base stations and ASN gateways
while remaining consistent with an embodiment. The
base stations 180a, 180b, 180c may each be associated
with a particular cell (not shown) in the RAN 105 and may
eachinclude one or more transceivers for communicating
with the WTRUs 102a, 102b, 102c over the air interface
117. In one embodiment, the base stations 180a, 180b,
180c may implement MIMO technology. Thus, the base
station 180a, for example, may use multiple antennas to
transmit wireless signals to, and receive wireless signals
from, the WTRU 102a. The base stations 180a, 180b,
180c may also provide mobility management functions,
such as handoff triggering, tunnel establishment, radio
resource management, traffic classification, quality of
service (QoS) policy enforcement, and the like. The ASN
gateway 182 may serve as a traffic aggregation pointand
may be responsible for paging, caching of subscriber pro-
files, routing to the core network 109, and the like.
[0047] The air interface 117 between the WTRUs
102a, 102b, 102c and the RAN 105 may be defined as
an R1 reference point that implements the IEEE 802.16
specification. In addition, each ofthe WTRUs 102a, 102b,
102c may establish a logical interface (not shown) with
the core network 109. The logical interface between the
WTRUSs 102a, 102b, 102c and the core network 109 may
be defined as an R2 reference point, which may be used
for authentication, authorization, IP host configuration
management, and/or mobility management.

[0048] The communication link between each of the
base stations 180a, 180b, 180c may be defined as an
R8 reference point that includes protocols for facilitating
WTRU handovers and the transfer of data between base
stations. The communication link between the base sta-
tions 180a, 180b, 180c and the ASN gateway 182 may
be defined as an R6 reference point. The R6 reference
point may include protocols for facilitating mobility man-
agement based on mobility events associated with each
of the WTRUs 102a, 102b, 102c.

[0049] AsshowninFIG. 1E, the RAN 105 may be con-
nected to the core network 109. The communication link
between the RAN 105 and the core network 109 may
defined as an R3 reference point that includes protocols
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for facilitating data transfer and mobility management ca-
pabilities, forexample. The core network 109 may include
amobile IP home agent (MIP-HA) 184, an authentication,
authorization, accounting (AAA) server 186, and a gate-
way 188. While each of the foregoing elements are de-
picted as part of the core network 109, it will be appreci-
ated that any one of these elements may be owned and/or
operated by an entity other than the core network oper-
ator.

[0050] The MIP-HA may be responsible for IP address
management, and may enable the WTRUs 102a, 102b,
102c to roam between different ASNs and/or different
core networks. The MIP-HA 184 may provide the WTRUs
102a, 102b, 102c with access to packet-switched net-
works, such as the Internet 110, to facilitate communica-
tions between the WTRUs 102a, 102b, 102c and IP-en-
abled devices. The AAA server 186 may be responsible
for user authentication and for supporting user services.
The gateway 188 may facilitate interworking with other
networks. For example, the gateway 188 may provide
the WTRUs 102a, 102b, 102c with access to circuit-
switched networks, such as the PSTN 108, to facilitate
communications between the WTRUs 102a, 102b, 102¢
and traditional land-line communications devices. In ad-
dition, the gateway 188 may provide the WTRUs 102a,
102b, 102c with access to the networks 112, which may
include other wired or wireless networks that are owned
and/or operated by other service providers.

[0051] Although not shown in FIG. 1E, it will be appre-
ciated thatthe RAN 105 may be connected to other ASNs
and the core network 109 may be connected to other
core networks. The communication link between the RAN
105 the other ASNs may be defined as an R4 reference
point, which may include protocols for coordinating the
mobility of the WTRUs 102a, 102b, 102¢ between the
RAN 105 and the other ASNs. The communication link
between the core network 109 and the other core net-
works may be defined as an R5 reference, which may
include protocols for facilitating interworking between
home core networks and visited core networks.

[0052] By way of explanation, and not by way of limi-
tation, embodiments contemplate the following acro-
nyms and associated descriptions:

D-GW (or DGW)  Distributed Gateway

DMM Distributed Mobility Management
GTP GPRS Tunneling Protocol

GW Gateway

HO Handover

L-GW (or LGW) Local Gateway

LHN Local Home Network

LMA Local Mobility Anchor

MAG Media Access Gateway

MIP Mobile IP Protocol

PBA Proxy Binding Acknowledgment
PBU Proxy Binding Update

PDN Packet Data Network

PGW PDN Gateway
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PMIP Proxy MIP

UE User Equipment

WTRU Wireless Transmit/Receive Unit
[0053] Embodiments contemplate that a Distributed

Gateway (D-GW) may serve as an Anchor Node in DMM.
DMM may push the anchor nodes to the edge of a net-
work and may enable the usage of multiple anchor nodes.
An example high level global view of the DMM-based
network architecture is shown in FIGS. 2A and 2B, which
combine to form FIG. 2. Embodiments contemplate that
a logical network entity, called a "Distributed Gateway
(D-GW)" (for purposes of explanation and not limitation),
may be introduced at the edge of the network, perhaps
close (or proximate) to the WTRU. In one or more em-
bodiments, the D-GWs can be collocated with existing
3GPP nodes and/or deployed as standalone entities.
[0054] FIGS. 3A and 3B, which combine to form FIG.
3, illustrate an example network-based (e.g. GTP and
PMIPV6 variants) implementation of DMM contemplated
by one or more embodiments. In FIG. 3, the PDN con-
nection requested by the WTRU may be handled by the
D-GW. An IPv6 prefix from its pool may be assigned to
the WTRU. This prefix may be conveyed to the WTRU
so it can auto-configure an IPv6 address. The WTRU can
then start sending and/or receiving IPv6 packets, which
may be routed via the D-GW, perhaps without traversing
the mobile core network (MCN).

[0055] Insome embodiments, at least one of two tech-
niques may be implemented, for example perhaps if the
WTRU moves and/or attaches to another access net-
work, among other reasons. In some embodiments, the
packet data network (PDN) connections that the WTRU
may have established may be maintained, for example,
address preservation, (and in some embodiments, per-
haps may need to be maintained). This may involve, per-
haps for one or more, or each, of the PDN connections
of the WTRU, that the D-GW anchoring the IP address
used by the WTRU play the role of a PDN Gateway
(PGW) (e.g., LMA) for that PDN connection. For exam-
ple, the D-GW may assume the performance of the LMA
functions for that WTRU and/or that PDN connection. In
some embodiments, the D-GW to which the WTRU is
attached may play (and in some embodiments, perhaps
must play), for one or more, or each, of the PDN connec-
tions of the WTRU anchored at other D-GWSs, the role of
MAG (e.g., creating a GTP/PMIPv6 tunnel toward each
LMA).

[0056] In some embodiments, the WTRU may request
anew (e.g. fresh) PDN connection (or several fresh con-
nections) to the D-GW to which the WTRU is currently
attached. This may provide the WTRU with an IPv6 ad-
dress anchored at the serving D-GW, which can be used
by the WTRU to utilize an optimal or relatively optimal
routing, perhaps while making better use or the relatively
best use of the operator’s network resources.

[0057] In some embodiments, one or more useful as-
pects that may be provided by a DMM approach may be
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enabled by WTRU smart IP address management. One
or more embodiments contemplate that the IP address
selection mechanisms that may be used by the WTRU
may be enhanced to allow the WTRU to prefer (or in
some embodiments, perhaps always prefer) an IPv6 ad-
dress anchored at the D-GW to which the WTRU is cur-
rently attached. In this way, new (e.g. fresh) communi-
cations may make use of the locally anchored IPv6 ad-
dresses, while older communications may be maintained
(e.g. perhaps seamlessly maintained) by ensuring IPv6
address continuity, for example.

[0058] Embodiments contemplate one or more DMM-
Enabled Architecture Models. Embodiments contem-
plate some of the architecture models in the context of
dense networks.

[0059] One or more embodiments contemplate an L-
GW in a Dense Network. For example, in a dense net-
work, the WTRU may have access to one or more, or
many, L-GWs from within the same LHN and/or different
LHNs and/or may connect to the same or different PDNs.
An example of such an embodiment is illustrated in FIG.
4,

[0060] One or more embodiments contemplate a D-
GW (or DGW) in a Dense Network. In DMM, the Distrib-
uted Gateway (D-GW) may be the anchor node and the
WTRU may connectto another D-GW (e.g., anchor node)
when going to another access GW implementing DMM,
perhaps while maintaining session connectivity. In a
dense network for example, the WTRU may have access
to one or more, or many, D-GWs using the same or dif-
ferent technologies/interfaces. An example of such an
embodiment is illustrated in FIG. 5.

[0061] Embodiments contemplate Node Distance
Evaluation. One or more embodiments contemplate a
WTRU'’s capability to evaluate the distance between itself
and the anchor nodes it may communicate with (or "see").
The distance between the WTRU and the anchor nodes
may be evaluated, for example, by allowing the sending
of a geo-location of the anchor node to the WTRU. In
some embodiments, the WTRU may be expected to
know its own geo-location using, for example, an internal
GPS. One or more calculations may be done by the
WTRU to determine which anchor nodes may be within
a distance range or ranges. In some embodiments, dis-
tance ranges may also be configured so that anchor
nodes within the same range may be considered at an
equal distance, for example.

[0062] Embodiments contemplate that it may be useful
for signaling to be reduced and/or limited in the core net-
work. With the densification of the networks, limited sig-
naling may be more useful since this densification may
result in more handovers, which may result in more sig-
naling. Embodiments recognize that using DMM tech-
niques may increase such signaling since the number of
tunnels, perhaps created to maintain session continuity,
may increase with the number of anchor nodes, for ex-
ample.

[0063] Embodiments contemplate that a dense net-
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work may, for example, be described as a network which
may have multiple anchor nodes that may be close to
each other (orin some embodiments, perhaps very close
to each other). In some embodiments, "close" to each
other may be indicated by the anchor nodes being geo-
graphically located close to each other, (e.g. at a walking
distance) and/or that at the routing level, few intermediate
routers may exist between the anchor nodes (e.g. any
two anchor nodes). In some embodiments, "very close"
may be indicated by their being few or no intermediate
routers located between the anchor nodes (e.g. any two
anchor nodes). In a dense network, there may be a
number of (or perhaps many) potential connections and
a WTRU may be frequently (or in some embodiments,
perhaps constantly) discovering anchor nodes that may
be accessible. Embodiments contemplate that this po-
tential multitude of available anchor nodes may provide
opportunities for mobility and/or bandwidth manage-
ment. Embodiments also recognize that the number of
potential connections may lead to some challenges, for
example: frequent handovers may be supported (or in
some embodiments, perhaps may need to be supported),
and/or a number of tunnels may end-up being created
and/or may be maintained (or in some embodiments, per-
haps may need to be maintained), among other challeng-
es.

[0064] Embodiments recognize that the usage of tun-
nels may enable session continuity. Embodiments also
recognize that tunnel creation/maintenance may gener-
ate additional control plane traffic and/or the tunneling
may make the data path non-optimal. Also, the user ex-
perience may degrade because of the extra handling of
handovers, forexample. Embodiments contemplate that,
perhaps in consideration of the dense network architec-
ture and/or based on existing DMM techniques (among
other rationale), among other scenarios, improvements
(as described herein) in the network and/or on the WTRU
may be useful to perhaps avoid the aforementioned neg-
ative conditions and other contemplated negative condi-
tions, for example.

[0065] Embodiments contemplate one or more tech-
niques that may make DMM technologies sufficiently ef-
ficient to be used in a dense network environment. One
or more embodiments contemplate one or more tech-
niques to minimize the number of tunnels in a DMM-en-
abled network, such as for example a dense network. By
way of further example, one or more embodiments con-
template that the number of tunnels may be minimized
by bundling connections together. Also by way of exam-
ple, one or more embodiments contemplate that the
number of tunnels may be minimized by moving the IP
address to another anchor.

[0066] Embodiments contemplate connections bun-
dling. One or more embodiments contemplate that a
WTRU that may be evolving in a dense network may do
one or more, or multiple, handovers (HOs) to DGWs that
may be close to each other (e.g. relatively close or very
close). The WTRU may obtain an IP address from one
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or more, or each, of these DGWs (D-GWs). One or more,
or each, time the WTRU may do a HO to another DGW,
an additional tunnel may be created (or in some embod-
iments, perhaps may need to be created) to maintain the
session continuity of flows using the corresponding IP
addresses. The WTRU may bundle a number of connec-
tions, or many connections, together and/or select an IP
addressto be used overthese connections (e.g., perhaps
a single IP address), perhaps to minimize the number of
tunnels, among other reasons.

[0067] Embodiments contemplate that the WTRU may
be connected to a GW for a certain amount of time. In
such scenarios, among others, perhaps even if an IP
address obtained from a GW within the same bundling
may be used, the IP address from the currently connected
GW may be made available for new (e.g., fresh) flows.
Embodiments contemplate that the WTRU’s source IP
address selection may be enhanced, perhaps to support
such behaviors, among other reasons.

[0068] Embodiments contemplate that bundling the
connections together may enable the creation of fewer
tunnels, for example when the WTRU may move to an-
other DGW, among other scenarios. In some embodi-
ments, an IP address allocated from a DGW might not
be used. For example, no associated flow may be re-
leased when the direct connection to the DGW may be
lost/terminated. Thus, no tunnel may be created (or per-
haps might not need to be created) to maintain session
continuity with such DGWs. For example, if five connec-
tions are bundled together, at least one IP address
among the five allocated IP addresses may be used by
the WTRU (or perhaps in some embodiments, perhaps
only one IP address may be used). A tunnel may be cre-
ated (or in some embodiments, perhaps only one tunnel
may be created), for example if the WTRU does a HO to
another DGW (e.g., a tunnel toward the DGW which may
have allocated the IP address in use by the WTRU),
among other scenarios.

[0069] One or more embodiments contemplate thatthe
bundling may be done intelligently, e.g., with a small
number of connections to perhaps avoid having an un-
acceptable data path length but with enough connections
to sufficiently minimize the number of tunnels. The
number of connections to be bundled may be configura-
ble and/or may also be correlated to the distance between
the DGWs, for example. The anchor node distance eval-
uation described herein may be used to evaluate the dis-
tance between the DGWs.

[0070] Inone or more embodiments, the bundling may
be done on or by the WTRU. Alternatively or additionally,
the network may be involved in the bundling, for example
if a group technique may be used. By way of example,
the network provider may assign group numbers to one
or more, or each, anchor node. In such scenarios, among
others, the WTRU may use the group ID to do the bun-
dling, for example.

[0071] In some embodiments, the anchor nodes might
ormight not be involved and/or be aware of the respective
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bundling associations. In some embodiments, the re-
spective anchor nodes might or might not be aware that
they are bundled with other anchor nodes, for example.
[0072] In one or more embodiments, on the WTRU,
the bundling may be logical. In some embodiments, the
HO to another anchor node may be done and/or a new
(e.g. new to the WTRU) IP address may be obtained by
the WTRU. On the WTRU, the logical bundling may, for
example, hide the newly obtained IP address from one
or more applications. Alternatively or additionally, the
newly obtained IP address may be flagged as deprecated
(e.g. notto be used). In some embodiments, the decision
to bundle the newly connected anchor node and/or IP
address to the currently used one may be done on the
WTRU, perhaps transparently to the network, for exam-
ple. One or more embodiments contemplate that the de-
cision onthe WTRU may be based on the anchor node(s)
location, among other criteria.

[0073] For example, referring to FIG. 6, once an IP
address (e.g. IPa, not shown) may be obtained from an
anchor node (e.g., Anchor Node A, or simply, Node A),
flows may start to use this IP address (IPa, not shown).
In some embodiments, the WTRU may perform one or
more handovers (HOs) to other anchor nodes. In some
embodiments, the WTRU may decide to not use the IP
addresses that may be allocated from these other anchor
nodes if they are located at, for example, less than 500
feet (among other contemplate lengths) from the anchor
node which may have allocated the currently used IP
address (IPa). For example, the WTRU may be config-
ured to determine that Node B is sufficiently close to Node
A as to include both Node A and Node B into the same
logical bundling 6002. Thus, the WTRU might not use an
IP address obtainable from Node B (e.g., IPb, not shown).
[0074] Again by way of example, on the WTRU, the
bundling may be based on the distance between the an-
chor node from which the IP address may be used and
the other anchor nodes (e.g., determined dynamically by
the WTRU). If the distance may be determined to be too
large (e.g. as compared to a predetermined threshold,
or other criteria), then the newly allocated IP address
may be elected as the IP address to be used for new
(e.g. fresh) flows and/or the previously used IP address
may be set as deprecated. For the subsequent IP ad-
dresses that may be obtained from the other anchor
nodes, the respective corresponding anchor node loca-
tion may be compared with the anchor node from which
the currently elected IP address (e.g., the currently used
IP address) may have been obtained. In some embodi-
ments, connections bundling may be enabled by assign-
ing (e.g., by the WTRU and/or a network entity, or the
like) one or more, or each, node (or node connection) to
a specific group (e.g., a logical group), or to multiple
groups (e.g., one or more logical groups). In some em-
bodiments, the group assignments may be done dynam-
ically or may be predetermined. In some embodiments,
for the subsequent IP addresses that may be obtained
from the other anchor nodes, the respective correspond-
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ing anchor node logical group (e.g., group identifier) may
be compared with the logical group (e.g., group identifier)
of the anchor node from which the currently elected IP
address (e.g., the currently used IP address) may have
been obtained.

[0075] One or more embodiments contemplate thatthe
WTRU may be configured to HO between GWs of the
same group. The WTRU may connect to a first GW of a
specific group. In some embodiments, the WTRU may
be configured to use the obtained IP address from this
GW. In some embodiments, the WTRU may move to
another (e.g., a second) GW that may be part of the same
group. In some embodiments, the IP address that may
be obtained from this second GW might not be used. The
first IP address may still be selected for the one or more
new (e.g., fresh) flows that may be started. The WTRU
may move to another (e.g. a third) GW, that may be part
of a second group (e.g., a different group than the first
and the second GWs). In some embodiments, at least
one tunnel (e.g. to the first GW) may be created (or per-
haps in some scenarios, only one tunnel may be created
and/or useful), perhaps to maintain session continuity,
among other reasons.

[0076] For example, referring to FIG. 6, as the WTRU
hands over from Node A to Node B, where both may be
part of bundling 6002, the WTRU may continue to use
IPa while in connection with Node B. As the WTRU con-
nects to Node M of bundling 6006, the WTRU may use
IPm (not shown) and/or may continue to use IPa. Atunnel
6010 may be established between Node A and Node M
to forward one or more data flows that may be directed
to IPa towards the WTRU.

[0077] By way of further example, IPa may still be in
use by an application running on the WTRU. The tunnel
6010 between Anchor Node M and Anchor Node A may
be used to transport the IP packets which use IPa. For
example, one or more downlink packets that may be sent
from a correspondent node (not shown) toward the
WTRU may be received at Anchor Node A (e.g., IPaown-
er). Anchor Node A may tunnel (e.g., via tunnel 6010)
the one or more packets toward currently connected An-
chor Node M. Anchor Node M may forward the one or
more packets to the WTRU. For example, in the uplink
direction, one or more IP packets from the WTRU that
may use IPa may be sent to directly connected Anchor
Node M, which may tunnel them (e.g., via tunnel 6010)
to Anchor Node A. Anchor Node A may forward the one
or more uplink IP packets to the correspondent node.
Also by way of example, tunnel 6012 and/or tunnel 6014
which may respectively connect Anchor Node H with An-
chor Node M and Anchor Node J with Anchor Node M,
may be used in a manner similar to that described re-
garding tunnel 6010 (e.g., with regard to packets using
IPh and/or IPj). In some embodiments, the tunnels 6010,
6012, and/or 6014 may be closed when it might not be
useful for any applications/flows to use the corresponding
IP address (e.g. tunnel 6012 may be closed if no more
applications may be using IPh).
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[0078] In some embodiments, no tunnels toward An-
chor Nodes B and/or K (for example) may be useful, per-
haps since the IP addresses IPb and/or IPk (not shown),
which may have been obtained respectively from Anchor
Nodes B and/or K, might not have been used by the
WTRU, among other reasons. In other words, as IP ad-
dresses IPb and/or IPk might not be used by any appli-
cation/flow running on the WTRU, session continuity as
maintained via tunneling to Nodes B and/or K might not
be useful and such tunnels might not be created. One or
more embodiments contemplate that bundling may re-
duce a number of tunnels to be maintained, for example
where the WTRU may be doing many HOs, among other
scenarios.

[0079] FIG. 6 also shows an example node selection
from which IP addresses may be obtained by the WTRU
in an example connections bundling environment. In FIG.
6, by way of example illustration and not limitation, the
WTRU may have traversed the path indicated to connect
to Anchor Node M, where it may remain for a relatively
long period of time. The different oval patterns associated
with the anchor nodes may respectively represent differ-
ent bundlings 6002, 6004, and 6006. In some embodi-
ments, the WTRU may connect to Anchor Node A in bun-
dling 6002 and/or may obtain IP address IPa. When a
HO to Anchor Node B may be done, another IP address
may be obtained, IPb. In some embodiments, IPb might
not be used by the WTRU, for example since Anchor
Node B may be bundled with Anchor Node A in bundling
6002 (e.g., IPb may be flagged as deprecated and/or
logically hidden from one or more WTRU applications).
The WTRU may perform many other HOs, e.g., to Anchor
Node H (in bundling 6004), Anchor Node J (in bundling
6006), and/or, Anchor Node K, and the WTRU may go
to Anchor Node M where it may stay connected for a
period of time (e.g. a relatively long period of time). The
IP addresses that the WTRU may use are IPa, IPh, IPj
and/or IPm (none of which are shown). These IP address-
es may be the first of the IP addresses obtained from the
respective connections bundlings 6002, 6004, and/or
6006, perhaps with the exception of IPm which may be
used because the WTRU may be connected to this An-
chor Node M for a period of time (e.g. a relatively long
time). Using IPm may provide a relatively optimum (e.g.
"best") data path (e.g. no tunneling).

[0080] Embodiments contemplate IP Address Man-
agement. As described herein, the WTRU may connect
to different anchor nodes supporting DMM. In some em-
bodiments, the WTRU may end-up having multiple flows
anchored with different gateways. The WTRU may obtain
an |IP address from one or more, or each, anchor node
where it may connect. Session continuity may be ob-
tained by creating one or more tunnels between the one
or more anchor nodes that may have assigned an IP
address to the WTRU (perhaps to which the WTRU might
not be connected anymore) and the anchor node where
the WTRU may be currently connected.

[0081] Embodiments contemplate one or more tech-
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niques of handling DMM, which may be useful in a dense
network, perhaps because of the number of potential
connections and resulting HOs and/or tunnels, among
other reasons. One or more embodiments contemplate
the capability to transfer an IP address handling (e.g.,
ownership) from one anchor node to another.

[0082] Embodiments contemplate transferring an IP
address. Transferring an |IP address used by a WTRU
that may be moving to another anchor node may be use-
ful. Embodiments contemplate that it may make it possi-
ble to use a relatively short (e.g. "shortest") data path to
the WTRU, perhaps in some embodiments since no tun-
neling may be required between the previous anchor
node and the current one, among other reasons. Embod-
iments may provide a better quality of service (QoS) to
applications and/or quality of experience (QoE) to users.
Embodiments may make it more efficient for the anchor
nodes and/or the WTRU, perhaps since the more HOs
the WTRU may perform with the current DMM support,
the more tunnels may be created and/or the more IP ad-
dresses may be allocated. Embodiments recognize that
maintaining these tunnels may consume resources on
the anchor nodes and/or the WTRU, such as, for exam-
ple, memory, CPU, etc. Embodiments may also reduce
the signaling that may be needed to maintain the tunnels
(e.g. keep such tunnels alive).

[0083] Embodiments contemplate one or more en-
hanced tunneling protocols/techniques that may be used
to transfer an IP address. For example, using PMIPv6
as the tunneling protocol in a network-based solution to
describe the IP address transfer, the Proxy Binding Up-
date (PBU) may be modified to specify that an IP address
(e.g., perhaps a specific IP address) may be required to
be moved. In such scenarios, among others, the tunnel
may be created and the GW receiving the PBU may reply
with a Proxy Binding Acknowledgment (PBA). A PBA
may be sent back acknowledging the request, for exam-
ple perhaps if the GW may support the IP address trans-
fer and/or may agree to move the IP address, among
other scenarios. Alternatively or additionally, perhaps if
the GW doesn’t supportthe IP transfer, among other sce-
narios, a PBA may be still be sent back, for example
acknowledging the creation of the tunnel. In some em-
bodiments the PBA may specify with a return code (which
may be heretofore undefined for such a purpose) that
the IP address remains attached with the actual GW. This
may enable the mix of GWs supporting and/or not sup-
porting this IP transfer capability.

[0084] Embodiments contemplate that using modified
PBU/PBA messages might not increase the signaling
since PBU/PBA messages may be exchanged in DMM
presently. One or more embodiments contemplate that
messages may be used and/or introduced to implement
the IP address transfer, perhaps where such messages
may be useful.

[0085] One or more embodiments contemplate that a
tunnel between two GWs may be created for a period of
time (e.g. perhaps a short period of time) to allow the
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routing of IP packets that may be in-transit to reach the
WTRU. The tunnel may be used (or perhaps in some
embodiments may only be used) in the downlink direc-
tion. Packets using the transferred IP address and/or re-
ceived by the source GW may then be sent to the WTRU
via the tunnel to the target GW. The uplink packets from
the WTRU may be received at the target GW and/or di-
rectly forwarded to the Internet, perhaps in some embod-
iments without going through the tunnel and/or source
GW. In some embodiments the tunnel may be closed,
perhaps after a period of time (e.g. a short period of time)
that may allow the routing in the network to adapt to the
new routing instructions (e.g. going to the target GW),
among other scenarios.

[0086] Embodiments contemplate that a GW which
may receive a request to transfer an IP address and/or
which may accept the transfer may stop advertising this
IP address as its own IP address (in other words, may
stop acting as a proxy for the WTRU). In some embodi-
ments, the GW where the WTRU may be connected
and/or which may have requested the transfer of the IP
address may start acting as a proxy for the WTRU and/or
may start advertising this IP address as its own IP. An
example of such an IP transfer technique is illustrated in
FIG. 7.

[0087] Referring to FIG. 7, at 7002, the WTRU may
connectto DGW1. The WTRU may obtain the IP address
IP1. At 7004, the DGW1 may advertise that it is handling
IP packets destined to IP1, for example so that, at 7006,
one or more, or all, IP traffic with destination IP address
set to IP1 may be directed to DGW1, among other rea-
sons. At 7008, DGW1 may forward the IP packets to the
WTRU.

[0088] At 7011, the WTRU may do a HO to DGW?2,
e.g. because at 7010, DGW2 may be closer than DGW1.
At 7012, DGW?2, perhaps because it is DMM capable,
may have a way to know that the WTRU was previously
connected to DGW1 and/or that IP1 may have been al-
located to the WTRU. At 7014, DGW2 may request the
IP1 transfer from DGW1. For example, this may be done
through the sending of an enhanced (e.g., modified)
PBU. At 7016, DGW1 may accept to transfer IP1 to
DGW2. In some embodiments, DGW1 may stop adver-
tising IP1 as one of its IP addresses. At 7018, an en-
hanced (e.g., modified) PBA may be sent to accept the
transfer and/or to create a tunnel between the two DGWs.
At 7020, DGW2 may assign IP1 to the WTRU.

[0089] Insomeembodiments, IP1 might not be flagged
(e.g. flagged as deprecating IP1). One or both of the DG-
Ws may do an update, in some embodiments perhaps
depending on the DMM technique that may be used to
keep track of the current WTRU connections and/or the
assigned IP addresses. In some embodiments, perhaps
because of the IP address transfer (e.g. if the Home Sub-
scriber Server (HSS) may be used as a database),
among other reasons, it may be useful for the database
to be updated with a new (e.g., different) owner of the
transferred IP address. It may be useful for pre-registra-
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tions to be updated, for example in scenarios in which
pre-registrations with neighbors may be used, among
other scenarios.

[0090] In one or more embodiments, at 7022, one or
more |IP packets may already be in transit to DGW1 dur-
ing the IP address transfer. At 7024, the tunnel may be
created and/or may be useful, perhaps even temporarily,
between the two DGWs, for example for such already in-
transit IP packets, among other reasons. The IP packets
that reach DGW1 may be tunneled to DGW2 which, at
7026, may forward them to the WTRU.

[0091] The tunnel between DGW1 and DGW2 may be
used for packets that may be in-transit, e.g. packets that
have been sent with the next hop set to DGW1. Perhaps
once the routing tables in the network are updated with
the new next hop information (e.g. DGW2 may be the
node handling IP1), the IP packets that may be using the
IP1 destination IP address may be routed directly to
DGW?2. In such scenarios, the PMTP tunnel between
DGW1 and DGW?2 for IP1 handling might then not be
useful anymore. For example, in some embodiments, a
timer may be started by DGW2, perhaps once DGW2
starts to advertise IP1 as its own IP address and/or once
DGW2 may start receiving IP packets using IP1. The
tunnel may be closed, for example when the timer ex-
pires, among other reasons.

[0092] At 7028, DGW2 may start advertising that it is
handling IP packets directed and/or destined to IP1. At
7030, DGW1 may stop advertising IP1. For example,
DGW1 may advertise a different IP address (e.g. IPn).
At 7032, IP packets destined to IP1 may be routed to the
DGW2, which, at 7034, may forward them to the WTRU.
The tunnel between DGW1 and DGW2, which may have
been setup to tunnel packets using IP1, may be termi-
nated (not shown). Even though PMIPVv6 has been used
toillustrate the example IP address transfer, any mobility
protocol in a network-based solution (e.g. GTP) and/or
in a client-based solution (e.g. MIPv6) may be used to
obtain the same or similar results as in FIG. 7 in other
contemplate embodiments.

[0093] Embodiments contemplate one or more groups
of GWs that may share a pool of IP addresses. One or
more embodiments contemplate that network operators
may group the GWs that may be allowed to share IP
addresses, perhaps using one or more contemplated
transfer mechanisms, for example. In atleast one of such
scenarios, the GWs may be configured with a group
number that may be specified in the IP transfer request.
An IP address might not be transferred and/or a tunnel
between the two GWs may be used to maintain session
continuity, as described herein, for example if perhaps
two GWs might not be in the same group, among other
scenarios. The GWs may be grouped together, perhaps
because they are close (e.qg. relatively close) to each oth-
er and/or because they may be related (e.g. serving a
specific group of users), among other examples.

[0094] Embodiments contemplate managing one or
more pools of IP addresses on the GWs. One or more
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embodiments contemplate that the introduction of IP ad-
dress transfer between the GWs may create in a GW one
or more pools of IP addresses that may be empty since
one or more, or all, of them may have been transferred
to other GWs. Embodiments contemplate one or more
techniques to avoid that situation. In some embodiments,
one of the GWs may be elected as the master IP address
allocator. One or more, or each, GW may request a
number of IP addresses to be assigned to them. For ex-
ample, a GW may request more IP addresses from the
master GW, forexample when the GW may become short
in its IP pool, among other reasons. Alternatively or ad-
ditionally, a GW which may have a large number of IP
addresses in its pool may return some (e.g. which may
not be used) to the master GW making them available
for another GW, for example. In one or more embodi-
ments, a centralized server may also be used instead of
(or in addition to) a master GW to manage the IP ad-
dresses pools.

[0095] One or more embodiments contemplate that
one or more WTRUs may do many HOs especially in a
dense network. In such scenarios, among others, an IP
address may remain appropriately distributed between
the GWs.

[0096] Although features and elements are described
above in particular combinations, one of ordinary skill in
the art will appreciate that each feature or element can
be used alone or in any combination with the other fea-
tures and elements. In addition, the methods described
herein may be implemented in a computer program, soft-
ware, or firmware incorporated in a computer-readable
medium for execution by a computer or processor. Ex-
amples of computer-readable media include electronic
signals (transmitted over wired or wireless connections)
and computer-readable storage media. Examples of
computer-readable storage media include, but are not
limited to, a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconduc-
tor memory devices, magnetic media such as internal
hard disks and removable disks, magneto-optical media,
and optical media such as CD-ROM disks, and digital
versatile disks (DVDs). A processor in association with
software may be used to implement a radio frequency
transceiverforuseina WTRU, UE, terminal, base station,
RNC, or any host computer.

Itemized list of examples:
[0097]

EX 1. A first node of a wireless communication net-
work, comprising:
a processor, configured at least to:

receive a handover from a wireless transmit/re-
ceive unit (WTRU);

determine that the WTRU was in connected
communication with a second node of the wire-
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less communication network prior to the hando-
ver,

determine an Internet Protocol (IP) address al-
located to the WTRU for the connected commu-
nication with the second node;

request a transfer of the IP address from the
second node;

receive the IP address from the second node;
and

establish connected communication with the
WTRU using the IP address.

EX 2. The first node of EX 1, wherein the processor
is further configured for distributed mobility manage-
ment (DMM).

EX 3. The first node of EX 1, wherein the processor
is further configured to advertise the IP address on
the first node.

EX 4. The first node of EX 1, wherein the processor
is further configured such that the requesting the
transfer of the IP address includes sending a proxy
binding update message to the second node.

EX 5. The first node of EX 1, wherein the processor
is further configured such that the receiving the IP
address includes receiving a proxy binding acknowl-
edgement message from the second node.

EX 6. The first node of EX 1, wherein the processor
is further configured such that the receiving the IP
address includes receiving information to establish
a tunnel with the second node.

EX7. The first node of EX 1, wherein the processor
is further configured to establish a tunnel with the
second node.

EX 8. The first node of EX 7, wherein the processor
is further configured to receive data directed to the
IP address via the tunnel.

EX9. The first node of EX 7, wherein the tunnel is
terminated after a period of time including at least
one of: a predetermined period of time, or a prede-
termined period of time following a first receipt at the
first node of data directed to the IP address.

EX 10. The first node of EX 1, wherein the processor
is further configured to forward to the WTRU data
directed to the IP address.

EX11. A wireless transmit/receive unit (WTRU) in
communication with a wireless communication net-
work, the WTRU comprising:

a processor, configured at least to:
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connect to a first node of the wireless commu-
nication network;

obtain a first Internet Protocol (IP) address from
the first node;

communicate via the first IP address as connect-
ed to the first node;

initiate a handover to a second node of the wire-
less communication network;

connect to the second node;

obtain a second IP address from the second
node; and

communicate via the first IP address as connect-
ed to the second node upon an occurrence of a
condition, the condition including one or more
characteristics of the first node and one or more
characteristics of the second node.

EX12. The WTRU of EX 11, wherein the condition
includes at least one of: a determination of a geo-
graphic relationship between the first node and the
second node, or a determination of a logical relation-
ship between the first node and the second node.

EX 13. The WTRU of EX 12, wherein the determi-
nation of the geographic relationship includes a de-
termination that a distance between the first node
and the second node is within a predetermined
threshold.

EX14. The WTRU of EX 12, wherein the determina-
tion of the logical relationship includes a determina-
tion that the first node and the second node are part
of a same logical group.

EX 15. The WTRU of EX11, wherein the condition
includes at least one of: a dynamic relationship de-
termination, or a predetermined relationship.

EX16. The WTRU of EX 11, wherein the processor
is further configured to at least one of: deprecate the
second IP address upon the occurrence of the con-
dition, or logically hide the second IP address from
one or more applications configured on the WTRU
upon the occurrence of the condition.

EX 17. The WTRU of EX11, wherein the condition
is a first condition, and the processor is further con-
figured to:

connect to a third node of the wireless commu-
nication network;

obtain a third IP address from the third node; and
communicate via the third IP address as con-
nected to the third node upon an occurrence of
a second condition, the second condition includ-
ing the one or more characteristics of the first
node and one or more characteristics of the third
node.
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EX 18. The WTRU of EX 17, wherein the second
condition includes at least one of: a determination of
a geographic relationship between the first node and
the third node, or a determination of a logical rela-
tionship between the first node and the third node.

EX 19. The WTRU of EX 18, wherein the determi-
nation of the geographic relationship includes a de-
termination that a distance between the first node
and the third node exceeds a predetermined thresh-
old.

EX 20. The WTRU of EX 18, wherein the determi-
nation of the logical relationship includes a determi-
nation that the first node and the third node are not
part of a same logical group.

EX21. A method, comprising:

receiving a handover at a first node of a wireless
communication network from a wireless trans-
mit/receive unit (WTRU);

determining, by the first node, that the WTRU
was in connected communication with a second
node of the wireless communication network pri-
or to the handover;

determining, by the first node, an Internet Pro-
tocol (IP) address allocated to the WTRU for the
connected communication with the second
node;

requesting, by the first node, a transfer of the IP
address from the second node;

receiving, at the first node, the IP address from
the second node; and

establishing, by the first node, connected com-
munication with the WTRU using the IP address.

EX 22. The method of EX 21, further comprising:

providing the second node with a group identifier
of the first node;

comparing, by the second node, the group iden-
tifier of the first node with a group identifier of
the second node; and

accepting, by the second node, the first node’s
transfer request of the IP address upon the
group identifier of the first node being the same
as the group identifier of the second node.

EX 23. The method of EX 21, wherein the second
node is possession of a number of allocated IP ad-
dresses, the method further comprising:

decreasing, by the second node, the number of
allocated IP addresses possessed by the sec-
ond node upon the transfer of the IP address to
the first node;

comparing, by the first node, a current number
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ofallocated IP addresses possessed by the sec-
ond node with a predetermined threshold; and
providing, by the first node, one or more addi-
tional allocated IP addresses to the second node
upon the current number of allocated IP ad-
dresses possessed by the second node being
less than the predetermined threshold.

EX 24. The method of EX 21, further comprising:
ceasing, by the second node, advertisement of the
IP address upon the transfer of the IP address to the
first node.

EX 25. The method of EX21, wherein the IP address
is a first IP address, the method further comprising:
advertising, by the second node, a second IP ad-
dress upon the transfer of the first IP address to the
firstnode, the second IP address being different than
the first IP address.

Claims

A first anchor node in communication with a wireless
communication network, the first anchor node com-
prising:

a processor, the processor configured at least to:

obtain a first Internet Protocol (IP) address from
a second anchor node, the first IP address used
by the second anchor node to communicate with
a wireless transmit/receive unit (WTRU);
advertise the first IP address as connected to
the first anchor node; and

communicate via the first IP address with the
WTRU.

The firstanchor node of any preceding claim, where-
in the processor is further configured to obtain the
first IP address from the second anchor node by
sending a request to transfer the first IP address from
the second anchor node to the first anchor node.

The firstanchor node of any preceding claim, where-
in the processor is further configured to obtain the
first IP address from the second anchor node by
sending a proxy binding update, PBU, request to the
second anchor node.

The firstanchor node of any preceding claim, where-
in the processor is further configured to communi-
cate via the first IP address with the WTRU upon a
determination that a geographic distance between
the first anchor node and the second anchor node
is within a predetermined threshold.

The firstanchor node of any preceding claim, where-
in the processor is further configured such that the
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first IP address is obtained from the second anchor
node without use of a tunnel between the first anchor
node and the second anchor node.

The first anchor node of any preceding claim, where-
inthe processor is further configured to act as a proxy
for the WTRU.

The first anchor node of any preceding claim, where-
inthe processor is further configured such thata data
path between the first anchor node and the WTRU
is shorter than a data path between the second an-
chor node and the WTRU.

The first anchor node of any preceding claim, where-
in the processor is further configured to communi-
cate via the first IP address with the WTRU upon a
determination of a logical relationship between the
first anchor node and the second anchor node.

The first anchor node of any preceding claim, where-
in the processor is further configured to:

detect one or more IP packets directed to the
first IP address; and

forward the one or more IP packets directed to
the first IP address to the WTRU.

The first anchor node of any preceding claim, where-
in the processor is further configured to receive up-
link (UL) packets from the WTRU without the use of
a tunnel.

A method performed by a first anchor node in com-
munication with a wireless communication network,
the method comprising:

obtaining, by the firstanchor node, afirst Internet
Protocol (IP) address from a second anchor
node, the first IP address used by the second
anchor node to communicate with a wireless
transmit/receive unit (WTRU);

advertising, by the first anchor node, the first IP
address as connected to the first anchor node;
and

communicating, by the first anchor node, via the
first IP address with the WTRU.

The method of claim 11, wherein to communicate
via the first IP address with the WTRU occurs upon
a determining that a geographic distance between
the first anchor node and the second anchor node
is within a predetermined threshold.

The method of claim 11-12, wherein the obtaining
the first IP address from the second anchor node
occurs without use of a tunnel between the first an-
chor node and the second anchor node.
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The method of claim 11-13, wherein a data path be-
tween the first anchor node and the WTRU is shorter
than a data path between the second anchor node
and the WTRU.

The method of claim 11-15, wherein to communicate
via the first IP address with the WTRU occurs upon
a determining a logical relationship between the first
anchor node and the second anchor node.
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